Abstract. This study examines the level and pattern of endemism among 274 flightless rainforest insects found in the Wet Tropics region of Australia. Endemism is measured at two nested scales: (1) those confined to the Wet Tropics, termed 'regional endemics'; and (2) the subset of those species confined to a single subregion of the Wet Tropics, termed 'subregional endemics'. Fifty per cent of the regional endemic flightless insects are also subregional endemics compared with 15% of the known regional endemic vertebrates. The four subregions with the most endemic flightless insect species are the uplands of Mt Finnigan, Carbine, Bellenden-Ker/Bartle Frere and Atherton. Multiple regression suggests that the combination of rainforest area and shape explain the most variance (R 2 = 0.603) in the numbers of species of regional endemic insects. However, subregional endemism is not closely correlated with the size or shape of the subregions in which they occur, or a combination of these factors. Candidate refugial and recolonised subregions are identified, and are consistent with data from palaeoclimatic models and refugia identified using other taxa. We group upland subregions into larger areas of endemism using parsimony analysis of endemism. These groupings are consistent with our understanding of the history of the Wet Tropics rainforests.
Introduction
Australia's biota was greeted with curiosity and amazement by the first visiting naturalists and this was because most of the species they encountered were distinctly different from others, and endemic to Australia. A taxon is regarded as endemic to an area if it occurs only in that area. To speak of a taxon as endemic without specifying an area is meaningless (Anderson 1994 ). An area of endemism can be defined as the congruent distributional limits of two or more species (Platnick 1991 ). This study examines the level of endemism in an assemblage of flightless insects found in the rainforests of the north-eastern coast of Australia known as the Wet Tropics.
The Australian Wet Tropics is located between Cooktown and Townsville in northern Queensland (Fig. 1) . Although the area covers less than 1% of the surface of the continent, it supports a major proportion of Australia's biota (Rainforest Conservation Society of Queensland 1986) and a high degree of regional endemism (Williams et al. 1996; Wet Tropics Management Authority 2001; Crisp et al. 2001) . These tropical rainforests are found in a spectacular landscape of mountains, tablelands and lowlands. One of the main geological features in the region is the Atherton Tableland, an undulating plateau between 700 and 900 metres ( Fig. 1 ) above sea level. Isolated mountains are found throughout the Wet Tropics and the highest peak, Mount Bartle Frere, reaches 1622 metres above sea level. For a summary of geological and physiographic formations of the Wet Tropics, see Rainforest Conservation Society of Queensland (1986) .
Vegetation of the upland regions (above 300 metres altitude) has a different structure and species composition from lowland mesophyll forest. Upland rainforest contains simple notophyll vine forests that are replaced by simple microphyll vine-fern thicket with increasing altitude (Adam 1992) . Plants in the upland areas have temperature optima about 5 degrees lower (19-22°C) than those in the lowland regions. Upland rainforests of the Wet Tropics have been described as a mesotherm archipelago in a sea of tropical lowlands (Nix 1991) . Fourteen upland rainforest subunits have been recognised in the region (Winter et al. 1984; Williams et al. 1996; Fig. 1) . These are isolated from one another by dry sclerophyll forest and/or low altitude river gorges (Williams 1997) .
Wet Tropics rainforests are thought to be remnants of a habitat that was widely distributed on the continent in the Miocene/Early Tertiary (Truswell 1993) . Australian rainforest probably reached its greatest diversity and maximum extent in the mid Eocene (40 million years ago) (Kershaw et al. 1991) , but by the beginning of the Pleistocene, rainforest was probably restricted to the eastern highlands, escarpment and coastal plain, as it is today (Adam 1992) . More recently, Quarternary glaciation events produced significant oscillations in sea levels and climatic conditions (Flenley 1979; Hopkins et al. 1996; Voris 2000) . Within the Wet Tropics, replacement of rainforests by open sclerophyll forests occurred during glacial periods (Kershaw 1994) . The most recent separation of rainforest habitats by drier sclerophyll forest (Eucalyptus woodlands) occurred between 13,000 and 8000 years before present (Hopkins et al. 1993) , the last glacial maximum (LGM). During that period, rainforests were restricted to a few small, fragmented refugia on the highest mountaintops and plateaux (Webb and Tracey 1981; Adam 1992) . Since that time, rainforests have expanded to occupy their current distribution, and there is evidence from various sources for greater connectivity between rainforest areas during a cool-wet phase of the early Holocene, 7500-6000 years before present (Kershaw and Nix 1988; Hopkins et al. 1993) . Because of the historical events that have shaped rainforest habitats in the region, the Wet Tropics offers a unique opportunity to study the processes that have led to the current patterns of diversification and endemism of its biota Moritz et al. 2000; Moritz et al. 2001; Reid et al. in press) .
Studies on the patterns of species diversity and endemism in the Wet Tropics fauna have been largely restricted to vertebrates (e.g. Williams et al. 1996; Williams 1997; Williams and Pearson 1997; Schneider et al. 1998; . Evidence suggests that upland rainforests support a higher species richness (Williams 1997) , support a greater number of endemics (Nix 1991) and that historical fluctuations in the size of rainforests have promoted allopatric speciation (Joseph et al. 1995; Schneider et al. 1998) . Populations of vertebrates with the lowest vagility and greatest restriction to rainforests usually show the highest divergence in their mitochondial DNA across known historical barriers (Joseph et al. 1995) .
The Wet Tropics contain a substantial degree of regional endemism (12%) in the vertebrate fauna (Williams et al. 1996) . Furthermore, 10 vertebrate species have been reported from only a single subregion within the Wet Tropics (S. E. Williams, personal communication; Fig. 1 ) and are therefore endemic at a finer geographic scale. Because invertebrate taxa can have much smaller ranges than vertebrates, they have the potential to provide information about the processes that have led to the current biogeographic patterns at a fine scale. For example, isolated patches of rainforest too small to support vertebrates during the LGM could have maintained viable populations of invertebrates. Historical rainforest contractions in the Wet Tropics are thought to have promoted allopatric speciation in taxa with low vagility because long distance dispersal across non-suitable habitats during mesic periods can be discounted (Brühl 1997) .
The Australian Wet Tropics support a diverse arthropod fauna. During the past 20 years, staff of the Queensland Museum have sampled the insect fauna of the Wet Tropics intensively. Many taxa in the data set presented here are the subject of recent systematics studies (e.g. Monteith 1997; Baehr 1995; Russell 1997; Hamilton 1999; Matthews 1998; Bouchard 2000; Reid and Storey 2000; Storey and Monteith 2000; Bouchard and Yeates 2001) . These data indicate that different subregions of the Wet Tropics harbour different numbers of endemics. This endemism is measured at two nested scales: (1) those confined to the Wet Tropics, termed 'regional endemics'; and (2) the subset of those species confined to a single subregion of the Wet Tropics, termed 'subregional endemics'.
Counts of endemic species fail to address at least one aspect of the distribution patterns that interest us: the pattern of overlap in species distributions between these areas of endemism. Is the pattern of overlap structured in any way, and if so what is the structure? There are many possible approaches to this problem, but one promising method that we have used is termed parsimony analysis of endemism (PAE) (e.g. Rosen 1988; Morrone and Crisci 1995; Da Silva and Oren 1996; Geraads 1998; Morrone 1998; Glasby and Alvarez 1999; Rundle et al. 2000) . Parsimony analysis of endemism groups areas (analogous to taxa) by their shared taxa (analogous to characters) according to the most parsimonious cladogram (Rosen 1988; Rosen and Smith 1988; Vega et al. 1999) , and its goal is to discover nested patterns of associations between areas of endemism. Parsimony analysis of endemism results have been used as surrogates for area cladograms by some authors (e.g. Da Silva and Oren 1996) , but we believe that this is an incorrect interpretation. Area cladograms are hypotheses about the history of areas derived from hypotheses about organismal relationships. Analyses using PAE are not informed by organismal relationships, so are not analogous to area cladograms, and they use information from shared distributions to link areas, so species endemic to a single area are uninformative in PAE. Hence, distributional information from a clade consisting of endemic species occupying each area in an analysis is completely uninformative to PAE (coded as autapomorphies), but may produce a compelling area cladogram once the relationships between the taxa are known.
In this paper, we present data on the patterns of distribution and endemism of 274 flightless insect taxa restricted to the Wet Tropics. We chose flightless species for this analysis because we can exclude long distance dispersal as a factor shaping their distribution patterns: flightless species show high fidelity to contiguous sections of their preferred habitat (in this case rainforest) and therefore are efficient indicators of historical change in those habitats. The specific objectives are: (1) to summarise data on numbers of regional and subregional endemic species of Wet Tropics flightless insects using previously defined upland subregions; (2) to examine the relationship between the size and shape of the subregions and the number of regional and subregional endemics; (3) to identify subregions that probably contained refugia during the Quaternary and Tertiary based on the number of subregional endemics they contain; and (4) examine the grouping of upland subregions into larger areas of endemism using distribution patterns of insects to define the groupings, using PAE. Results of this analysis enable us to identify the possible source subregion/ s for the insect fauna of the non-refugial subregions.
Materials and methods

Area
The Wet Tropics was originally divided into more than 20 subregions by Winter et al. (1984) based on mammal distributions. These include lowland and upland (above 300 metres) forest blocks and have recently been used as biogeographically distinct areas (e.g. McDonald 1992; Williams et al. 1996; Williams 1997; Williams and Pearson 1997; Moritz et al. 2001) . The upland blocks are separated from one another by dry sclerophyll forests or low altitude river gorges (Williams 1997) . The western edge of the subregions is defined climatically rather than geologically and represents the 1500 mm annual rainfall isohyet (Williams and Pearson 1997) . In this study we treat only the rainforests of the 14 upland subregions (Fig. 1 ).
Data
One of us (GBM) and staff of the Queensland Museum have surveyed insects in the Wet Tropics for over 20 years (Monteith 1985; Monteith and Davies 1991; Monteith 1995) . Several techniques were used to sample the invertebrate fauna including pitfall, flight intercept, baited traps, litter extracts as well as pyrethrum knockdown and hand collecting. Approximately 350 sites were visited during the 20-year period. Attention was focussed on a range of low-vagility taxa of taxonomically tractable groups that could be reliably sampled using the chosen techniques. These were intensively collected and sorted to species (or morphospecies when unnamed). A database containing ecological, taxonomic and distribution records for these insect groups is currently maintained at the Queensland Museum. The main target taxa contain low vagility insects in the families Aradidae (Hemiptera), Carabidae, Scarabaeidae and Tenebrionidae (Coleoptera), although several other families are also represented in the database. In this study, we collated data from that database on the presence/absence of 274 flightless species recorded from the upland rainforest blocks (Fig. 1) in the Wet Tropics. Sampling bias could potentially have an effect on the presence/absence data presented here. However, a conscious effort was made to sample every mountain massif more than once over many years. Accumulation curves suggest that the number of new species of the target groups being discovered in the Wet Tropics is greatly declining, and only a few species are known from single specimens (6.6%; Monteith 1995). The distribution and names of the taxa are given in Appendices 1 and 2.
Data analysis
In an attempt to explain the observed patterns of regional and subregional endemism of flightless insects in Wet Tropics upland rainforest blocks, we used regression analysis with two variables: rainforest area and shape index (Patton 1975) . The same two variables were used by Williams and Pearson (1997) to explain the patterns of diversity of Wet Tropics vertebrates. The shape index compares the perimeter of a shape with the area it covers and is minimal in a circular shape and is large in a more convoluted shape.
Parsimony analysis of endemism data consist of area × taxa matrices (Morrone 1998) . Each flightless insect taxon restricted to the Wet Tropics in Appendix 1 was scored as either present (1) or absent (0) in each of the subregions. The data matrix was analysed using PAUP 3.1 (Swofford 1993) . In order to minimise assumptions during the analysis of the data, characters were treated using Wagner parsimony (a taxon can appear, be lost and reappear freely in a study set of areas) as previously suggested (e.g. Glasby and Alvarez 1999) . Taxa that are endemic to only one subregion (autapomorphies) are not useful in determining the relationship between areas, whereas taxa that occur in two or more areas are informative in the PAE. Parsimony analysis of endemism does not require existing phylogenies to derive hypotheses of area relationships (Crisci 2001) . This is an important factor in our study because phylogenies are available for only a small subset of the taxa included in Appendix 2.
Results
Patterns of regional endemicity
The distribution of 274 selected species of flightless insects restricted to the Wet Tropics is given in Appendix 1. These include members of 15 families. The four families with the highest number of flightless taxa are Aradidae (Hemiptera), Carabidae, Scarabaeidae and Tenebrionidae (Coleoptera) (see Appendix 2). The Bellenden Ker/Bartle Frere Uplands (BK), Atherton Uplands (AU) and Carbine Uplands (CU) subregions support the highest species richness in the Wet Tropics (more than 85 flightless insect species; Appendix 1). The lowest number of regional endemics (less than 20 species) is reported from Lee (LE), Spec (SU), Halifax (SU) and Elliot Uplands (EU) subregions. Between 25 and 65 flightless insect species have been reported from the other seven subregions.
Patterns of subregional endemicity
A total of 137 species (50% of taxa) are restricted to a single rainforest subregion ( Fig. 1 ; Appendix 1). The number of endemics for each of the subregions is, as expected, generally much higher than for vertebrates (Fig. 1) . The three subregions with the highest species richness (CU, AU and BK) also support the highest number of endemics (21, 17 and 28 respectively). An additional four subregions (FU, TU, MT and EU) have more than 10 endemics. The Windsor Uplands (WU), Black Mtn corridor (BM), Kirrama Uplands (KU), Lee Uplands (LE) and Spec Uplands (SU) have five or fewer species restricted to them. The Halifax Uplands (HU) does not support any endemic flightless insect based on our data.
The percentage of subregional endemism (ratio of the number of subregional endemic species over total number of regional endemic species) for each of the subregions varied between 0 and 81%. The Elliot Uplands (EU) supports by far the highest percentage of endemism with 81% (Appendix 1).
The Finnigan Uplands (FU) have the second highest percentage of endemism with 34%. The Thornton, Carbine, Bellenden Ker/Bartle Frere and Malbon-Thompson Uplands support 20% or more subregional endemism. Williams and Pearson (1997) related the observed patterns of vertebrate diversity and endemism to subregion area (in hectares) and shape index (Patton 1975) . The definition of endemism used by Williams and Pearson (1997) is the same as regional endemism in this work. Because of the finer scale of our distributional data, we also use and analyse the pattern of endemism in those species endemic to a single subregion (termed subregional endemics). The same variables (area and shape index) obtained from the Appendix in Williams and Pearson (1997) were used here in an attempt to explain patterns of regional and subregional endemism in flightless insects.
Subregion area and shape index
Results show that the area of rainforest in each subregion is a poor indicator of the species richness of both regional endemics ( Fig. 2A ; R 2 = 0.244, P = 0.072) and subregional endemics ( Fig. 2C ; R 2 = 0.019, P = 0.636). Similarly, shape index proved to be a poor indicator of species richness in regional endemics ( Fig. 2B ; R 2 = 0.279, P = 0.052) and subregional endemics ( Fig. 2D ; R 2 = 0.264, P = 0.060). When the outlier, AU, was removed from the regression between shape index and number of regional endemics (Fig. 2B ), a significant negative correlation was found (R 2 = 0.674, P < 0.001). Removal of AU in the other regression analyses did not yield significant correlations at P < 0.01 (area v. regional endemics: R 2 = 0.111, P = 0.265; area v. subregional endemics: R 2 <0.001, P = 0.977; shape index v. subregional endemics: R 2 = 0.459, P = 0.011). Multiple regression analysis indicate that when combined, both area and shape index are significantly correlated to regional endemic species richness (adjusted R 2 = 0.531, P = 0.006). However, the combination of area and shape index is a poor indicator of the number of subregional endemics (adjusted R 2 = 0.183, P = 0.132).
Parsimony analysis of endemicity
Two most parsimonious area networks (tree length 428, CI = 0.64, RI = 0.51) were obtained using the data matrix in Appendix 1. The only difference in the two networks was the placement of the Malbon Thompson Uplands (MT) and Kirrama Uplands (KU). In one of the networks, KU was placed at the base of the (LU+(BK+AU)) group, whereas MT is placed at the base of the (LE+(EU+(SU+HU))) group. The position of MT and KU are reversed in the other most parsimonious network, resulting in a polytomy on the consensus network (Fig. 3) . Branch lengths (number of nonhomoplasious apomorphies supporting internal and external branches) were used to measure branch support in the consensus network (Fig. 3 ). An increase in branch thickness means an increase in the number of species distributions supporting that branch. The network in Fig. 3 shows that the rainforest subregions are generally grouped with geographically proximal regions. The groups (WU+CU), (TU+FU), (LU+(BK+AU)) and (LE+(EU+(SU+HU))) are present in the network. The Black Mtn corridor supports low endemism and is weakly associated with the more northern subregions. Of the subregions forming the southern most clade, EU supports the highest number of endemics.
Discussion
Patterns of regional and subregional endemism in flightless insects and vertebrates
Of the 259 rainforest vertebrates so far recorded from the Wet Tropics, 65 are regional endemics and nine (15% of regional endemics) are restricted to single upland subregions ( Fig. 1 ; Williams et al. 1996; S. E. Williams, personal communication) . A total of 274 flightless insects endemic to the Wet Tropics are reported here. Of these, 137 (50% of regional endemics) are restricted to a single upland subregion (Fig. 1) . The two most isolated subregions, at the northernmost (FU) and southernmost (EU) extremities of the wet tropics, have the highest percentage of subregional endemism. As expected, our data demonstrate that the level of regional and subregional endemism is much higher in insects than in vertebrates. The nine vertebrate species endemic to single subregions ( Fig. 1) have been recorded from the Bellenden Ker/Bartle Frere Uplands (BK), Thornton Uplands (TU), Carbine Uplands (CU) as well as Elliot Uplands (EU).
Patterns from flightless insects show that TU, BK, EU and CU also support significant numbers of subregional endemics in the Wet Tropics (Fig. 1) . The Finnigan (FU), Malbon-Thompson (MT), Lamb (LU) and Atherton Uplands (AU) also show a high degree of subregional endemism (n ≥ 9) based on flightless insects, although no endemics are known from vertebrate data (Fig. 1) . Palaeoclimatic data show that rainforest habitats were extirpated on WU during the LGM. This is consistent with the low level of subregional endemism shown in flightless insects. There are almost twice as many endemic flightless insects in the Carbine Uplands than the Thorton Uplands. This is at odds with Palaeoclimatic modelling of the LGM (Nix 1991) showing that the Thornton Uplands supported a much larger refugial area than the Carbine Uplands.
Taking both vertebrate and flightless insect data into account, all subregions except Windsor, Lee and Halifax Uplands can be considered areas of endemism according to the definition of Platnick (1991) .
Area and shape index
The upland subregions of the Wet Tropics have a variety of shapes and sizes, and a combination of shape index and size explains the number of regional endemic invertebrate species well, but not the number of subregional endemics. These are exactly the same pattern as found in vertebrate data (Williams 1997) . A reasonable interpretation of these results is that the combination of shape and size measures the effect of historical rainforest contractions. As the shape of the smaller regions becomes more elongate or convoluted, the number of endemics declines. As the size declines and shape becomes more elongate or convoluted, these subregions may become less likely to support refugial areas during periods of xeric climate (Williams and Pearson 1997) . The Atherton Uplands do not fit this pattern because they are so much larger than the other subregions and maintained a large refugial area (Nix 1991) , supporting many endemic insects. Numbers of subregional endemics do not show such a close relationship with area and shape. These species probably evolved in situ, and survived the LGM, or speciated after it. Many probably require only relatively small areas of rainforest to maintain viable populations, and their numbers are not simply explained by shape and area of rainforest they now occupy.
Refugia
Of the fourteen upland subregions, eight support numerous (nine or more) subregional endemics (FU, TU, CU, LU, MT, BK, AU, EU and SU) and five support 0-2 (WU, BM, LE, SU and HU). The Kirrama Uplands are intermediate, supporting five subregional endemics (Fig. 1, Table 1 ). The areas with numerous rainforest-limited subregional endemics are likely to have supported larger rainforest areas continuously, and are thus likely to contain refugial areas. The other regions with few or no rainforest endemics are not likely to have sustained significant areas of rainforest through the Pleistocene and have probably often lacked rainforest since Fig. 3 . Result of the parsimony analysis of endemicity (PAE) superimposed over the Australian Wet Tropics region. The PAE network is a strict consensus of two most parsimonious networks (see text for details). The thickness of the branches represents the number of non-homoplasious forward changes that support the branching pattern (autapomorphies/endemics included). According to the scale, thicker branches are better supported by the data. (Adam 1992) . This is consistent with palaeoclimatic models (Nix 1991 ) that suggest that rainforests were either entirely or almost entirely replaced by open forests during Pleistocene mesic climatic cycles in WU, BM, LE, SU and HU. The Kirrama Uplands supported very small, isolated rainforest remnants (Nix 1991 ) that allowed the survival of a few subregional endemics. The PAE may allow us to postulate where the current rainforest faunas of these non-refugial areas originated.
Subregional relationships defined by the distributions of flightless insects
Subregions group with geographically proximal subregions in the PAE. This reflects a common aspect of the distributions used to generate the network. If a species is found in more than one subregion, the subregions are most likely to be adjacent subregions. Given the history of recent expansion of rainforest distributions, this pattern is suggestive of current range expansion from Pleistocene refugia via dispersal. The network reveals a common grouping of regions (1) north of the Black Mtn corridor, (2) the Atherton and surrounding Uplands and (3) a weakly supported grouping of southern regions. The northern region is divided into two groups (TU and FU) and (CU and WU) divided by the Daintree River. The subregions south of the Kirrama Uplands have few endemics and are linked weakly together. Only Elliot Uplands supported significant refugial areas during the LGM (Williams et al. 1996) . The Spec Uplands and Halifax Uplands are linked and therefore share species, however they share no species distributions with the Elliot Uplands. Because of its position on the network, the Kirrama Uplands share species distributions equally with Atherton Uplands and areas to the south.
Sources and sinks in the subregional mosaic
The PAE links all subregions together in a network (Fig. 3) , both the postulated refugial subregions, and the ones that lacked significant rainforests during the LGM. Our data suggests that during these periods of more mesic climate, rainforests were largely limited to a subset of eight subregions (areas with *** in Table 1 ). In turn, this implies that the rainforests of non-refugial subregions (* in Table 1 ) have been recolonised since the LGM. In the case of flightless insects, this recolonisation is most likely to have occurred from adjacent refugial sources. The PAE links these non-refugial subregions with refugial ones. These linkages suggest the source of the majority of invading flightless insects into non-refugial areas (Table 1 ). The links are caused because of flightless insect distribution patterns that include both the refugial and non-refugial areas. These species may represent recent invaders that have not yet speciated in the subregions, or species that are continuing to expand their distributions.
The Black Mtn corridor divides the northern group of subregions from the central one, and weakly joins with the northern group. This suggests that the corridor was invaded by species from the north to a greater extent than from the south when rainforests recolonised this area. In a similar way, the Windsor Tableland has links with the Carbine Uplands (Fig. 3) , and the balance of flightless insect recolonisation was from there. The Kirrama Uplands have a more complex history, but our data suggests it has probably maintained small areas of rainforest through the Pleistocene. It also shows weak links with both Atherton and areas further south, and may have been recolonised from both directions.
Conclusions
Australia's wet tropical rainforests harbour a rich and diverse biota, and we have shown that there are many flightless locally endemic insect species found in the uplands. The Wet Tropics has been relatively geologically stable for many millions of years, yet climatic fluctuations mean that the distribution of vegetation types in the region have been quite fluid over this geographic background. Because of these factors, the Wet Tropics provide a fascinating natural laboratory to study the effects of these environmental changes on biotic diversity (Schneider et al. 1998; . Our data have shown that insects have far greater numbers of regional and subregional endemic species than vertebrates. Insects provide numerous parallel examples of clades that have diversified in the Wet Tropics and responded to the changing distribution of rainforests and other vegetation communities (e.g. Baehr 1996; Bouchard and Yeates 2001) . Phylogeographic studies of these different clades act as independent comparative tests of the effects of environmental changes on the course of evolution, adding power to the conclusions drawn from these studies (Avise 2000) .
The distribution patterns of low vagility insect taxa give us important insights into the pattern of subregional endemism and the effect of environmental change. Our analysis is limited in that it includes only distributional information on an assemblage of flightless insects. Although this assemblage suits our purpose well, it would be instructive to compare these results with results from other more mobile relatives. Taxa with higher vagility may be distributed over a larger number of subregions and therefore be informative in the PAE. Perhaps the tight geographic linking of subregions in the PAE would not be so prominent in data from winged insects.
Insects and other invertebrates with high diversity and narrow distributions are effective predictors of other components of biodiversity and act as efficient surrogates to assess conservation priorities (Moritz et al. 2001) . However, very little published data is available on distribution patterns and levels of endemism in insects. If a goal of conservation planning is to preserve all species, then areas of endemism are irreplaceable (Pressey et al. 1993) , in other words, they cannot be substituted with other areas. Our results suggest that the eight main refugial areas (Table 1) of the Wet Tropics are the source of diversity in flightless rainforest insects during periods when rainforest distributions are expanding. Although we believe these areas deserve special attention and status in conservation, surrounding areas are also very important in generating rainforest diversity during periods of warmer, wetter climate (Moritz et al. 2000) .
We await the time when a large number of species phylogenies are completed for the taxa included in this analysis so that a general area cladogram can be generated for the entire region. In addition, the phylogenetic relationships of included flightless taxa will enable us to test the recolonisation hypotheses presented here. It will be interesting to learn whether flightless taxa have arisen from winged or flightless relatives or from groups confined to other habitats such as open forests.
We are currently investigating a PAE based on the smallest geographic units at our disposal for this data set, individual mountaintops. Among other things, we will investigate whether the previously defined subregions used in this paper and elsewhere are confirmed in the pattern of nesting revealed at that lower level.
Appendix 1. Distributional data of the 274 species of flightless insects included in this analysis
Presence (1) and absence (0) was recorded for each taxon for the 14 upland rainforest zones of the Australian Wet Tropics (see Fig. 1 for explanation of subregion codes). Taxon codes refer to a database of Wet Tropics insects currently maintained at the Queensland Museum. Taxa are listed in alphabetical then chronological order. Names and taxonomic position of the taxa are given in Appendix 2. 
